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SECTION 1. INTRODUCTION 


This report documents and summarizes the work during the 
first half of a 12-month study to establish a Vector Wind 
Profile Gust Model for the Space Shuttle OFT Operations and 
Trade Studies. The body of the report is composed of five 
sections (II through VI) . Section II describes various as- 
pects of the basic and derived data used in this study. The 
accuracy of Jimsphere wind profile data used in this study is 
described in terms of the amplitude response of the measure- 
ment system. The theory and application of digital filters to 
Jimsphere profiles to derive residual profiles with wavelengths 
within specified ranges is discussed; a definition of gust is 
given for this report that is appropriate to the analysis of 
singularities and quasi-sinusoidal perturbations that are typi- 
cally observed in vertical wind profiles. 

Section III provides a brief description of the theoreti- 
cal probability distributions proposed to represent the distri- 
bution of gust and gust length. No attempt is made to provide 
derivations of various aspects of these distributions. Appro- 
priate references to the literature for these derivations and 
other background material will be provided in the final report 
under this contract. 

Section IV contains an analysis of wind profile gust at 
Cape Kennedy within the theoretical framework set forth in 
Section III. The variability of theoretical and observed gust 
magnitude with filter type# altitude, and season is described. 
Various examples are presented which illustrate agreement 
between theoretical and observed gust percentiles. 

These sections are followed by conclusions drawn from the 
study (Section V) and three appendices. Appendix A contains 
plots of gust and associated gust length to illustrate the 
data analyzed in this study. Appendix B contains statistics 
of gust data, including variance-covariance and correlation 
matrices and gamma distribution parameters. Appendix C contains 
theoretical probabilities calculated by numerical integration 
of the gamma probability density function. All the appendices 
provide complete data for the month of February at six reference 
altitudes (4, 6, ..., 14 km) at Cape Kennedy for four wavelength 
ranges. 
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SECTION II. DATA 


Basic and derived properties of the data used in this 
study are described in this section. Jimsphere wind profiles 
expressed in component form at 25-meter intervals are the 
basic data. Derived properties of the data include amplitude 
response calculations for description of the accuracy of the 
Jimsphere system at small wavelengths and digital filtered 
profiles and gusts that are the subject of the detailed sta- 
tistical analysis and modeling of this study. A detailed 
description of these data properties is given below. 


A. Wind Measuring System Amplitude Response 


wind profile data used in this study were obtained with 
the Jimsphere system. Since the small wavelei jth perturbations 
observed in these profiles are the subject of a detailed 
analysis, it is appropriate to specify the accuracy of the 
system for small wavelengths. A measure of the accuracy is 
the amplitude response, g(A), which is equivalent to the 
ratio A(X)/A*(X); where A*(M is the true amplitude of a per- 
turbation in the wind profile at wavelength, X, and A(X) is 
the amplitude measured with the Jimsphere system. The ampli- 
tude response of the Jimsphere system is limited by the size 
of the balloon (2-meter diameter) , the balloon ascent rate 
(4-5 m/sec), the accuracy of the balloon tracking system 
(FPS-16) , and the data smoothing technique. The b;u,lloon po- 
sitions, determined every 0.1 second, are smoothed to provide 
mean positions at each 25-meter interval of ascent* 

Differences in position between alternate 25-meter levels 
indicate the mean wind for the corresponding 50-meter layer, 
and are reported as the wind at the 25-meter level in the mid- 
dle of the 50-meter layer. Thus, the basic data analyzed here 
are wind speeds and directions for 50-meter layers, overlapping 
by 25 meters. Only when at least 25 meters intervene between 
two layers (i.e., winds reported for levels at least 75 meters 
apart) can two winds be considered independent observations 
(Ref. 1) . 
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Expressions for the amplitude response, G(X), of the Jim- 
sphere system to wind perturbation wavelengths that are small 
relative to the length of the wind profile have been derived 
by Luers and Engler (Ref. 2) , 



and by DeMandel and Krivo (Ref. 3), 

r4TTw\ _j_/50tt' 


G(X) = 


sin(-^) sin(-j^) 
200w(J) 


( 1 ) 


( 2 ) 


where 


S = smoothing interval = 75m 
X = wavelength (m) 

w = Jimsphere balloon ascent rate (m/s) 


As illustrated in Fig. 1 , the Jimsphere system does not 
measure wavelengths less than 50 meters; for X=90m, the 
measured amplitude is one-half the true amplitude. 


B. Data Sample 


The data consist of 1800 Jimsphere profiles (150 per 
month) from Cape Kennedy, Florida (Ref. 4 ) . The data were 
obtained under a Space Shuttle Level II directive that speci- 
fies the demonstration of vehicle design validity using 
150 Jimsphere wind profiles representative of each month. 

Three months (February, April, and ‘July) were chosen for analy- 
sis in this study. April data were used to develop and refine 
the analysis procedure which could be applied efficiently to 
other months when required. April was also of interest because 
it coincided with the planned^ Orbital Flight Test Mission. 

The February and July data were chosen because they are repre- 
sentative of the seasonal extremes at Cape Kennedy. The number 
of soundings for each month for each year of the sampling 
period is illustrated in Figure 2. 


‘ Rescheduled. 
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Figure 2 . Distribution of February, April, and July 
Jimsphere Soundings from 150 per Month 
Sample (Ref. 4 ) 





C. Digital Filters 


Vector wind gust statistics and models are based on data 
that have been obtained from filtered wind profiles. The fil- 
tering process provides profile data that contain perturba- 
tions within a range of wavelengths that is suitable for simu- 
lation studies of space vehicle ascent through the atmosphere. 
The design and application of these filters are described 
below. 


1. Filter Design . The design of the digital filters 
is based on the Martin-Graham cosine rolloff model described 
by Demandel and Krivo (Ref. 5). A set of numerical smoothing 
weights is calculated for a low-pass filter from the equation 


h(nT) 


sin(2irf^nT) + sin(27rf^nT) 
|2TrnT 1 - 4n^T^ (f^ - f^) 


(3) 


where the filter design parameters are 


T = altitude interval of wind profile data 

n = weight index (-N, -N+1, ..., -1. 0, 1, 

N-1, N) 

N = (NW-D/2 

NW = number of weights 

f^ ® cutoff frequency = the highest frequency with 
associated amplitude passed with unity gain 

f. = termination frequency = the lowest frequency 
with associated amplitude passed with zero 
gain. 

The renter weight (n *= 0) is given by: 


When the weights, h^^, have been determined, they are normalized 
by applying the constraint 


N 

^ ^n = 1* 
N=-l 


(5) 
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Since 


Only (N + 1) weights are calculated since = h_j^. 

the filter function is symmetrical/ no phase shift is 
produced. 

The use of digital smoothing weights results in the loss 
of the first and last N data points of the original profile. 
Thus the filtered wind profile has an altitude range that is 
reduced by 2NT compared to the original profile. 

The effective response of the low-pass filter/ given the 
design parameters listed under equation ( 3 ) is 

N 

Gj^(f) = hp + 2 53 cos(2iifnT). (6) 


As the number of weights (NW) is increased/ the response 
of the filter improves. However, computation time increases 
as does the number of points lost (the first and last N data 
points) . In this study, NW was chosen to minimize data loss 
while maintaining a reasonably accurate filter response. 

2. Filter Application . Jimsphere wind profiles from 
the surface to 20 km in component form (zonal and meridional) 
were decomposed into eight data bases by the filtering pro- 
cess diagrammed in Figure 3 . Four of the data bases consist 
of low-pass profiles that can be used in analyses of steady 
state and wind bias profiles. The other data bases consist 
of high-pass profiles defined here as residual profiles; 
these profiles consist of perturbations with relatively small 
wavelengths that are of interest in evaluations of vehicle 
bending mode response. Gusts that are derived from residual 
profiles are the subject of the detailed statistical analysis 
described in subsequent sections of this report. 

The design parameters and weighting functions of four 
low-pass filters and the altitude range of the filtered pro- 
files used in this study are listed in Table 1. 

The method of calculating high-pass profiles by subtrac- 
tion of the low-pass filtered profiles from the original 
Jimsphere profile is equivalent to the execution of a high- 
pass filter. The effective amplitude response of the four 
high-pass filters that are appropriate for description of the 
upper end of the wavelength r .nge of the residual profiles is 
illustrated in Figure 4. The nominal high wavelength limit 
for each set of residual profiles is the wavelength at which 
the amplitude response of the corresponding filter is .50. 


4 # 
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Table 1. Filter Design Parameters, Filter Weighting Functions of 
Four Filters Used for Calculation of Residual Profiles, 
and Altitude Range of Residual Profiles 


Filter Design Parameters 


Filter 

T(ir.) 

N 



1 

25 

20 

.00034 


.00435 

II 

250 

5 

.00004 


.00080 

111 

25 

50 

.00050 


.00150 

IV 

250 

10 

0 


.000342 

Filter Weights 

I 


11 

III 

IV 


0.116360050 


0.203331671 

0.050406609 

0.084765087 


0.112681533 


0.182602840 

0.050r0253 

0.083178582 


0.102183235 


0.130080937 

C. 049465762 

0.078561135 


0.086369542 


0.068650095 

0.048306755 

0.071321355 


0.067415386 


0.020649325 

0.046715542 

0.062084219 

0.047750214 


-0.003649032 

0.044722562 

0.051615690 


0.029618173 



0.042365613 

0.040733073 


0.014711243 



0.039688904 

0.030213801 


0.003949043 


1.000000000 

0.036741958 

0.020715102 


-0.002560992 



0.033578388 

0.012714788 


-0.005394941 



0.030254595 

0.006479712 


-0.005565475 



0.026828417 



-0.004229394 



0.023357771 



-0.002423366 



0.019899321 

1.000000000 


-0.000884042 



0.016507215 



0.000021198 



0.013231923 



0.000259004 



0.01C119200 



0.000022211 



0.007209211 



-0.000405784 



0.00453582S 



-0.000771288 



0.002126107 



-0.000925530 



0.000000000 






-0.001829786 


N 




-0.003357689 


ho ♦ 2 I 

1.000000001 



-0.004585029 

-0.005519564 



-0.006174897 

-0.006569761 

-0.006727193 

-0.006673649 

-0.006438065 

-0.006050919 

-0.005543301 

-0.004946033 

-0.004288852 

-0.003599693 

-0.002904062 

-0.002224550 

-0.001580449 

-0.000987520 

-0.000457877 

.333639299-12 

0.000381141 

0.000683858 

0.000909429 

0.001061717 

0.001146732 

0.001172171 

0.001146932 

0.001080646 

0.000983218 

0.000864417 


0.999999999 

Altitude Range Residual Profiles 


Filter 

^min 



(km) 

(Kn>) 

I 

0.5 

19.50 

n 

1.7" 

18.25 

III 

1.25 

18.75 

IV 

3.75 

16.25 
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Figure 4. Amplitude Response of Four Digital Filters Used for Calculation 
of Residual Profiles 









A set of u component residual profiles calculated from 
the Jimsphere profile of 7 April 1966 (0955 Z) at Cape Kennedy 
is illustrated in Figure 5 . 


D. Definition of Gust 


The definition of gust used in this study satisfies the 
objective to provide data that are suitable for a detailed 
statistical analysis of singularities and quasi-sinusoidal 
perturbations that are often observed in Jimsphere wind pro- 
files. A statistical model of these gusts so defined will be 
developed that will be useful for certain types of flight 
simulations of space vehicle ascent through the perturbed 
atmosphere. 

According to the conventional approach, a gust profile 
is calculated by applying a high-pass digital filter to a 
Jimsphere profile; all the speeds in the filtered profile 
are defined as gusts. In this study, these speeds are de- 
fined as residuals; the maximum positive or negative residual 
in the vicinity of a specified reference altitude is defined 
as a gust. A formal definition of gust is given below. 

Let u' represent the zonal wind component at a specified 
reference altitude, H^, in a residual profile. The zonal gust 

is defined as the maximum value of u' in the vicinity of alti- 
tude H with like sign to u' at H . The altitude interval 
o ^ o 

associated with the gust is defined as the gust length, L, 
which is calculated by taking the altitude difference of the 
zero crossings on either side of the gust; i.e., 

L = »2 ■ ^1 


The altitudes of the zero crossings, H 2 and are calculated 
by linear interpolation according to 


= ”3-1 

25 

“i-i 

ul - u*. , 
D D-1 

— 1 

25 

“k.i 

•^k+l 

^k+1 - ^k 


(8) 

( 9 ) 
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where 


H. 


u*. 


j-1 


u! 

3 


«3-l 

H, 


altitude of the first zero crossing for 
the upward scan 

last value of u' with the like sign of u* 
at Hq when scanning upward* 

first value of u' with sign opposite to 
sign of u' at Hq when scanning downward 

altitude of 

altitude of the first zero crossing for 
the downward scan 


u 


k+1 


u; 


H 


k+1 


last value of u' with like sign to sign of 
u' at Hq when scanning downward 

first value of u' with sign opposite of u' 
at Hq when scanning downward 

altitude of ^k+1 


Similarly, the meridional gust component, v', is defined 
by substitution of v' for u' above. In most instances, the 
zonal and meridional component gusts defined in this manner 
do not occur at the same altitude. This altitude difference 
is a measure of the phase difference between the components. 

A schematic definition of gust is given in Figure 6 . 


1 


The indices j and k increase upward. 


13 



Schematic Definition of Gust 




SECTION III. PROBABILITY DISTRIBUTIONS 


In a previous study (Ref. 6 ) f it was shown that the pro- 
bability density function of absolute component gust or gust 
length is univariate gamma of the form 

Y 

f(x) = EXP(-Bx) (10) 

where 0 £ x £ ~ 

■y > 0, B > 0 


The parameters y and B are estimated according to the method of 
maximum likelihood (Ref. 7 ) or from sample statistics. It can 
be shown that either method yields similar results for the 
monthly data sets of sample size equal to 150 that are used in 
this study. Since the sample statistics method involves a more 
straightforward calculation, it was chosen for this study; thus, 


Y = (x/o)^ (11) 

B = y/x 

where x and a are the sample mean and standard deviation. The 
parameter y defines the form of the distribution function. When 
Y is large, the distribution is approximately normal. The 
pareimeter B is a scaling parameter. 

The joint probability density function of absolute compo- 
nent gust and associated gust length is bivariate gamma of the 
form (for - Y 2 “ 


I 


111 

2 


Bj^x + 


62Y 


1 - P 


) 


(13) 


v-l V 


i 2/pB^rpcy 
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where 0 £ x < ® 

0 < y < oo 

Y > 0, > 0, ^2 ^ 0, 0 < P < 1 

I { } is the modified Bessel function of order v. 

V 

The conditional gamma probability density function is of 
particular interest since it provides an estimate of the pro- 
bability that a certain gust magnitude will be exceeded at a 
particular gust length; the density function is 

f(y|x=x*) = EXP(-p3j^x*/l-p) y ^ EXP (- 62 yA“P) (1^) 





2/p3^32^*y \ 

^ ^ ( 


Y-1 Y-1 


:-p(p3;^ ^2) 


It follows that the probability that y^^ is not exceeded 
given x=x* is 

/I 

Pr{y < 1 3C = X*} = J f(y|x = x*)dy (15) 

where y = absolute gust component amplitude 
X = gust length 


Computer prograims have been developed during this study 
for calculation of probabilities by numerical integration of 
the univariate and bivariate gamma distribution utilizing the 
Univac 1108 or Hewlett Packard HP-97. For calculation of con- 
ditional probabilities, library routines are used for evalu- 
ation of the modified Bessel function. The HP-97 program is 
not as general since it cannot calculate modified Bessel func- 
tions for fractional orders. However, it has been demonstrated 
that setting = Y 2 ~ 3 is a reaccaable assumption that permits 
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straightforward evaluation of equation (14) which for this 
special case contains the Bessel function of second order. 
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SECTION IV. GUST ANALYSIS 


The gust analysis is consistent with the theoretical model 
described in Section III. The validity of the model has been 
demonstrated in a previous study (Ref. 6) . Additional examples 
that indicate close agreement between observed and theoretical 
probability distributions are presented in this section. The 
variation of these distributions as a function of altitude, 
filter, and month is described and a procedure for estimation 
of gust percentiles as a function of filter cut-off is developed. 
Ultimately, the analysis will be based on statistics that have 
been calculated for the months of February, April, and July; 
for the purpose of this interim report, emphasis is given to 
the months of February and July. 


A, Variability OF Gamma Distribution Parameters 


Variability of the parameters y and B defined in Section III 
is an indication of the variability of the theoretical gust dis- 
tribution. As indicated earlier, y determines the form of the 
distribution function and B is a scaling parameter. Gust per- 
centiles are inversely related to B» or directly related to B*» 
where B* = 1/B. 

The variability of y and B* as a function of filter cut- 
off wavelength, y , and altitude is illustrated in Figures 7 

c 

and 9 for u component gust and in Figures 8 and 10 for v com- 
ponent gust. As illustrated in Figures 7 and 8 , the value 
of y is usually between 2.25 and 3.25 for both components; the 
variability within that range is not clearly systematic with 
respect to either altitude or filter cut-off frequency. As 
illustrated in Figures 9 and 10, the scaling parameter, B*» 
is strongly influenced by filter cut-off frequency and, to a 
somewhat lesser extent, by altitude; B* increases as y^ in- 
creases; the increase of B* with altitude is most pronounced 
between 8 and 10 km. 

It may be necessary to estimate y and B* at altitudes from 
0 to 20 km as part of the vector wind residual (gust) model. 

The parameters can be estimated from sample statistics between 
4 and 14 km; for altitudes outside this range, the feasibility 
of using an extrapolation technique has been studied. The 
technique is based on calculation of fourth order polynomials 
that describe the sample mean and standard deviation as a 
function of altitude. These polynomials are used for calculation 
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mens! 




























of Y and $ at all altitudes. To date, this approach has not 
yielded acceptable results; the calculated values at the ex- 
treme altitudes exhibit large fluctuations which are unrealistic. 


B. Gust Variability 


Gust variability is described here in terms of the vari- 
ability of the theoretical univariate gamma distribution as a 
function of altitude, month, and filter type. 

The maximum variation of gust amplitude in the 4-14 km 
altitude range occurs between 6 and 12 km; the variation, for 
u component February data in three wavelength ranges is illus- 
trated in Figure 11. It is clearly indicated that gust magni- 
tude is a function of altitude for all of the wavelength ranges. 

February and July theoretical gamma distributions of u 
component gust at 12 km are illustrated in Figure 12 for four 
wavelength ranges. The larger gust magnitude during February 
at all percentiles is clearly shown. April distributions not 
plotted here have percentiles that are somewhat less than the 
February values, but are significantly larger when compared to 
July values. 

The variation of gust distribution with filter type for 
the months of February, April, and July is illustrated in 
Figures 13 through 15. As illustrated in Figures 16 through 
18, percentiles of the distribution of u component gust for 
filtered Jimsphere data over a wavelength range from 90 to 
can be estimated from the empirical equation 


I'"' Ip = Vc Vc^ 

where |u'j is the gust percentile in meters per second and y 
p c 

is in meters. 

The constants dg, d-, , and ^2 are listed in Table 2. Due 
to a lack of supporting data. Equation 16 is valid for y^ from 
100 meters to 6000 meters. 

The plotted symbols in Figure 13 represent the observed 
gust distributions at 12 km during February for each wavelength 
band. It is indicated that there is a good agreement between 
the observed and theoretical distributions. 
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Variability of Theoretical (Gamma) Distribution of Zonal Component 
Gust During February at Cape Kennedy as a Function of Altitude for 
Various Cut-Off Frequencies, > 

















Figure 13. Theoretical (Garmna) and Observed Probability Distribution of u-Component Gust 
at 12 km During February at Cape Kennedy 



Theoretical (Gamma) Probability Distribution of u-Component Gust at 12 km During 
April at Cape Kennedy 












































































Theoretical (Gamma) Probability Distribution of u-Component Gust at 12 km 
During July at Cape Kennedy 
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Figure 18. Empirical Functions (From 
at 12 km During July 









Table 2. Parameters d^, d^/ and d2 of Equation 16 

for the 50, 90, 95, and 99 Percentile of 

!u'| 


Percentile 

Month 

dQ(ms”^) 


dj (s' 



50 

February 

-.001591 

.001067 

-5.9011 

X 

10-s 


April 

.177955 

.000889 

-4.4465 

X 

10"® 


July 

.042273 

.000491 

-2.1179 

X 

10"® 

90 

February 

.051364 

.002288 

-1.4034 

X 

10"^ 


April 

.035227 

.001932 

-1.2065 

X 

10"^ 


July 

.095000 

.000987 

-5.2348 

X 

10"® 

95 

February 

.007045 

.002776 

-1.7370 

X 

o 

1 

1 


April 

.090227 

.002229 

-1.3334 

X 

10"" 


July 

.111364 

.001209 

-1.1429 

X 

10"® 

99 

February 

.030682 

.003855 

-2.5348 

X 

10"" 


April 

.767955 

.001987 

-3.6534 

X 

10"® 


July 

.197727 

.001589 

-1.4086 

X 

10"® 
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SECTION V. 


CONCLUSIONS 


This interim report has been prepared to document and 
briefly summarize the work performed during the first 6 months 
of this stidy. To date^ all the statistical and computational 
techniques required to successfully complete the work under 
the contract have been established and partially implemented. 
The computer output given in the Appendices illustrates but 
does not represent all of the computations performed during 
the first half of the contract. From the results obtained so 
far, it is concluded that the objectives of the contract will 
be satisfied within the imposed time and budget constraints. 


The preliminary analysis of the gust data indicates a 
strong variability with altitude, season, and wavelength re- 
gime. An extension of the analyses to include a number of 
additional months and to include conditional distributions of 
gust magnitude given gust length, distributions of gust modulus, 
and phase differences between gust components has begun and 
will be completed during the next 2 months. At that time, all 
the necessary data for the vector wind gust model will have 
been generated. 
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SECTION VI. FINANCIAL SUMMARY 



Exact; Based on 
Data through 
9/28/69 

Estimate; 6-Month 
Period Through 
10/9/79 

Cumulative Cost 
(For period beginning 
10 April 1979) 

$21,497.41 

$22,730 

Cost to Complete Contract: 

28,487.59 

27,255 

Total Cost: 

49,985.00 

49,985 

Total Negotiated Cost: 

49,985.00 

49,985 

Estimated Percentage of 
Physical Completion of 

43 

45 


Contracted Effort 
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APPENDIX A. DATA DISPLAY 


This appendix consists of plots of the data analyzed in 
this study for the month of February at six reference altitudes 
(4, 6, 8, 10, 12, and 14 kilometers) and for four filters. For 
the sake of brevity, additional plots for April and July which 
have been completed are not included in this report. 

Another type of data display which consists of plots of 
all the filtered profiles, four to a page, is under develop- 
ment and is near completion. These will be furnished to the 
contract monitor during the second half of the contract. 
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STAf ION ( 128681 CAPE KENNEDY JIMSPHERE DATA 

htONTH 2 REPERENCE ALTITUDE 6000 HAVELENGTH RAfJCE 90-H20W 



M/S 






2.8 















0.2 O.H 0.6 O.B l.O 1.2 l.H 1.6 1.9 2.0 2.2 







% 



-J> 


r 




ST AT I ON (12068) CAFC KENNEDY JIMSPHERE DATA 

MONTH 2 REFERENCE ALTITUDE 10000 WAVELENGTH RANGE 90-<*20H 











STATIONn2660) CAPE KENNEDY JIHSPVCRE DATA 

MONTH 2 REPERENCE ALTITUDE 10000 HAVELENOTH RANGE 90-H20H 



S/H 




STATI0N^^?38) CAPE KENNEDY JIKSPfCRE DATA 






station* 18668) CAPC KEMCOY JIHSPTCHE DATA 

MONTH 8 :<CrEREMCC ALTITUDE 18000 MAVELENOTH RANGE 90-H80H 








STATIONCIcSee) CAPE KEWCDY JIMSPMEBE DATA 

MONTH e HEPEBENCE ALTITUCC 1«*000 MAVCLENOTH range SO-H20»1 










1»CS8HH9660 



n/s 



STATIONdSeeSI W£ l£}#COT JtfCPICfC DATA 






S/U /.A/ 




B0> CAP€ KOICOY JtNSPWC DATA 

RCTDCNCC ALTITUDC 8000 MAVCLCNOTH RANOC 00*89711 



S/W /.n/ 









ALT1TU3C eOOO HAVEIXNOTH RANK 90-997N 



/UV H/S 






S7ATlONn2868) CAP? KOtCOY JIMSPHDC DATA 
HC3NTH 8 RETCFCNCC ALTITUDC 6000 MAVCLO 




/V/ M/S 




68) CAPE lOtCOY JtHSPMDIE DATA 

.‘CTCFCNCi: ALTITUDE tOOOO MAVELENOTH RANGE 90-89TH 



/UV M/S 











/uv n/s 




/VV M/s 





/.A/ 


STATiONdzeeai cafe lOMCor «MHsnoc data 

MONTH S HEFCNOCe ALTinOC IHOOO HAVODOTH RANOC 



/V/ M/S 




S/M /.n/ 









STATION! 12866) CAPE KEMCOV JIMSBCRE DATA 

month 2 RETERENCE ALTITUDE 8000 MAVELENOTH RANOE 90-2470M 




002 







STATtON( 12660) CAPE lOtCOr ^IHSPIOC DATA 

MONTH 2 BETEAENCC ALTITUDE 10000 MAVELENOTH RANOC 90-?*70H 



2001 



HOC 









VIVO aouswtr JuoMSt >fO lageziiNoims 



/W 





s/u /,n/ 




/V/ 



STATION! 18360) CAPt KDtCOr JINSPldC DATA 

MONTH 2 nerOCNCC ALTITUOe HOOO HAVCXNOTH MNOC SO 




120681 cm: «3tcov jtnspicic data 














STATIONf 12068) CAPt MZMCOr JIICTICfC DATA 



/VV 



STAT10N(l20ee» CAFC KDtCOY JIWIOC 0A7A 





I 

















/UV H/S 


341 ON aor 



S/A /.A/ 



STATIONt 12908) CAPE (OfCDT JlnSPIOC DATA 



s/u /.n/ 







APPENDIX B. GUST STATISTICS 


This Appendix contains gust and gust length statistics 
at six reference altitudes (4, 6, ...» 14 km) for the month 
of February at KSC for four wavelength ranges. Statistics 
calculated for the months of April and July have been cal- 
culated, but are not included in this Appendix. 

The notation in the computer output format does not cor- 
respond exactly with that used in the body of this report. 

The following differences are noted: 


Text 

Table 

Definition 

|u‘| 

ABS(U MAX) 

Absolute value of 
u component gust 

!v| 

ABS(v MAX) 

Absolute value of 
V component gust 


Units are not noted in the tables. Gust is expressed in 
meters/second and gust length in meters. 

Variances and covariances and correlations are summarized 
in symmetric matrix tables. A matrix code and definitions of 
the various elements are provided at the top of each page. 

Means, standard deviations, and gamma distribution param- 
eters, Y and 3, are listed for each variable. In addition, the 
mean and standard deviation of the altitude difference between 
u component gust and v component gust is als"^ listed (UHMAX- 
VHMAX) . 


STATI0N(I2868» - QL?l KENNEDY 

DATA - JIMSPHERE 

HONTH s 2 

REFERENCE ALTITUDE l ADOOM 
WAVELENGTH RANGE : 9Q-M20H 


X(n=ABS(UMAXI XI3UABSIVMAX) 

XI2ULU X(A):lv 


OUTPUT MATRIX CODE 
11 12 13 lA 

22 23 2A 

33 3A 

4 ^ 


VARIANCE * COVARIANCE MATRIX 


„ . •0551 5.957C 

5.9570 4699.4781 

_ .0133 ••0106 

.2578 788.7617 


.0133 
-.0106 
• 0632 
8.0874 


.2578 

788.7619 

8.0874 

5592.0646 


CORRELATION MATRIX 


1.0000 
• 3702 
.2259 
.0147 


• 3702 
1.0000 
«.0006 
.1539 


.2259 

-.0006 

l.OQQO 

.4302 


• 0147 
.1539 

• 4302 
l.OOOU 


xm 


XI2I 


XI 3) 


XC4) 


MEAN _ .3926 
SO .2347 
gamma 2.7977 
BETA 7.1252 




68.5527 
4.3144 
• 0303 


• 4023 
.2514 
2.5620 
6.3677 


154.4666 

74.7801 

4.2668 

.0276 


UHHAX - VHMAX 


MEAN 

SO 


-2.8333 

77.2067 




12 13 m 




l.UOUQ 



• 3ssa 

_ t unrtft 

• 2b5(] 

- nop ~3 

• 0H26 

* n 7u 1 

*2650 

• 0982 

itoono 

• 5886 



f e a 

n n •nn 

• 1 f U ’ ' 

• U f 1 

» ^ooo ■ 


X( 1} 

X(2) 

XC39 

XU) 




XONI1286bl - CAPE KENNLDY 



H I 2 

#fctfCt^A €Ot*OH 

LtNbTH NANGt : 9J-H2UH 



12 13 IH 


33 3H 



lANCE - COVARIANCE MATRIX 


8«b2Bl 


-.6573 


S166«04R3 


781.5797 


— 

?#ionu 

—> 0 401- 

A.6474 


-r887 3 — 

781.5797 

4^^474 — 

3525.5329 


1*000U 


• Z?47 


1.0000 


• 3532 
- — ■ ! .OGOU- 


#2492 

Itt 2^^8?“ 

A 6#519l 


71#8d91 

— 3hi5532-- 
#0262 


— #3^12- 
«2216 
-2.8059 
7#5590 


-128^6^9- 
59#3762 
- -4,691 S- 
#0365 



—&TSSn^ 

79»n642 


ORIGINAL PAGE IS 
OF POOR QUALITY 


CAP£ KiNNtOY 


lONCI/Bbai - 
H t Z 

LENGTH RANGE 


90-H2CH 


SLU 


“ H - rtf *« 5 tVMAX > 
ximsLv 



lANCE • covariance MATRIX 


3«67db 


i . e 4 U 


3 Hb 2 . U 3 rb 
i -^ QV - 

863«1332 


UBHIS 

1.1S99 8b3*1532 

p0b9li ^*^187 

3*3187 376r.C763 


1*UUUU 


• 2H39 


.0657 


.3453 
' — -. 0 GS 7 — - 
1.0000 
■— * rl 80 - 3 — — 


.1111 

* 2 Ji 34 — 

• 1803 
— - 


• 769S 


6*1971 


59.0087 

-^ * 938 ? 

.0336 


— r ^ 56 l - 
.2993 
- 2^3220 
5.0936 


U 3 * 3361 - 
61.4623 
— 3 . 598 a * 
• 0300 






10N(1286tll - CAPE KENNCOT 

— .ilHSPHtKt 

M‘t 2 

ffCWCC- At TtTCOC- : 1 20C0H 

LENGTH range t 90«(t2CH 


?*rs»t 

:lu 


-JM-»tMtt5«VMAX »- 
XIAISLV 


12 13 U 


33 3H 


lANCE • COVARIANCE MATRIX 


7 . 8 «l 7 !> 

.8519 


4140. 31«8 
1080.1679 


I CTOt IT 

•1.5863 

—^ 22 ^- 

7«5i65 


• — — ■ irB > 1-9 

10dP«U8a 

7 ^Si 6 i-- 

436*). 1W6 


1.0003 

•.0124 


.3526 

».U519 


-.7124 

wOSlQ 

l.COOO 


.0373 

-.2641 

.2401 

~l«CuOU^ 


.3467 

--^^ 2586 - 

4.3472 


64.3463 

— 2^7606 

.0259 


—^7493 

.47611 

- 2^4688 

3.3212 


112.031 J- 
66. U69 7 
— 2.8162 
.3267 


-“trr33 33 

71.8398 


X0NI12868I > CtPC KCNNeDV 

iJlHSPHcPfc 

H t 2 

Ptwe e * tt t TW £ -t- loowfi — 

LCNCTH RANGE s 90 <- 42 m 



lANCt - COVARIANCE MATRIX 


T.98SS 


!-1.S8<i9 


4661»3S39 


36e.lb4!> 


—rWir 

•6.5039 

—.2605 

3.9066 


1.5849 

3t>e.l64S 

9 " 

2956.6901 


ItliUUl? 


• 2077 


• il?» 


-•1666 


i.coro 


-•v.T/7? 
2 

• 1406 
I • OwOaJ^ 


• 37Hj 
-2xf«7- 
9.4 lil 


66.2719 

~-^.^97t* 

.0227 


.^37 

• S104 

2.7977 

3.2771 


‘96^666V- 
S4.3756 
-5.1604 
• 032# 




^1^^3 53 
66.6469 


0»/® 

Of r.. 




STAT!0Na2*6RI - CAPE 
DAIA - JlHSPHtPt 
PONTH I 2 

REPCRENCE AtTlTUOE » 
mavclcngth range J VO 


nenncov 


itOCOH 

-VV7M 


XmsABSIUHAXI 

X(2I:LU 


x(3|ZABS«VNAXI 

XlRdV 


OUTPUT MATRIX CODE 
ii 12 13 IN 

22 23 2n 

33 3H 

NN 


VARIANCE - covariance MATRIX 


,XVCT 23»B399 

2o.*»9 

.OBIS 3.9736 

„* Iti * tt ********************** 


.0815 oil*?S57 

« 976*3557 

2N.3w58 ^^^**^*^^^^****»* 


CORRELATION matrix 


1.0000 
.3998 
>3S8B 
.20NC 


.3998 

l.CO''u 

.0696 

.C666 


.3S88 

.CoNfc 

1.0000 

.3793 


.2090 

. wObo 

.3783 

i.ojno 





X(9) 

288.723S 
123.5620 
S.960J 
.0189 



UHKAX • VHK.A* 


MEAN 

$0 

GAMMA 

BETA 


XU) 


>8367 
.9366 
3.672J 
9.3685 


X(2) 


266.91C5 
118.2399 
5.0961 
.0191 


XI3I 


.9296 

.5200 

3.1969 

3.9383 


MEAN = 
SO : 


9.8333 

19C.9600 


STATTONt 128681 - CAPE KENNEDY 
data - JIh!SPhtS£ 

PONTH I 2 

REFERENCE ALTITUDE : 6000H 

WAVELENGTH RANGE : 9Q-997H 


XJ 11:ABSIUMAX) 
X(2I=LU 


X(3)=ABS(VMAX1 

XC9)=LV 


_OUTPUT MATRIX CODE 
Vl 12 13 m ~ 

2Z 21 2h 
33 r,4 






variance - COVARIANCE MATRIX 


.2123 
31.3969 
• 0430 
.20C3 

CORRELATION MATRIX 


31.3989 

153SG.4344 

3.1730 

-eu6.S252 


.0430 
3.1730 
.2036 
26. 1U82 




.2003 

•806.5260 

26.1082 

15997.6447 


I.OOOO 

. 550 :; 

• 2067 

• 0034 


• SSOO 
l.CDOD 

• 0567 
-.0515 


• 2067 
.056 7 
1.0000 
.4575 


• 0034 
-.C515 

• 4575 

1.0000 


MEAN 

$0 

gamma 

BETA 


.9042 
• 4607 
3.0471 
3.7889 


264.9631 

123.9211 

4.5724 

.0173 


.8258 
.4512 
3.3494 
4. 0559 


289.2602 

126.4826 

5.2302 

.0181 


UHMAX - VHMAx 




-1.6667 

152.4593 


STAI10N(12866) - CAPE KiNNEOY 
data r JIMSPHERE 
HONTH t 2 

REFERENCE ALTITUDE : 8000M 

WAVELENGTH RANGE ; 90«997H 


XI 1)=A8S(UHAXI 
XI2ITLU 


X(3)=ABS(VHAXI 
X UI=LV 


OUTPUT MATRIX CODE 
n 12 13 14 

22 23 24 

33 34 

44 


VARIANCE - CC.VARIANCE MATRIX 


*2422 

26*3946 

*0656 

5*1666 

29. 39*16 

15267.6383 

6.9213 

1463.3775 

. 0656 

6.9213 
.1937 
27, .0713 

5.1666 
1483.3775 
2T,n713 
17560.64 75 

CORRELATION MATRIX 





ItCOOO 
.4669 
• 3029 
.0795 

.4669 
1.0000 
• 1273 
.C905 

.3029 

.1273 

1.0000 

.4639 

*0795 

• G90S 

• 4639 
I.CJ3Q 


XU) 

X(2) 

XI 3) 

XI4 1 

mean 

so 

GAMMA 

6ETA 

.8224 

.4921 

2.T925 

3.3954 

256.8174 
123.5623 
4 ,3199 
• 0166 

• 8C06 

• 4401 

3.3C69 

4*133a 

268.2370 

132.592u 

4.092*^ 

.015^ 

UHMAX 

• V H M A X 





MEAN 

SO 


-12.1667 

140.6730 


STATION! 12666.' - CAPE KENNEDY 
DATA - jIMSPHtPL 
HONTH ; 2 

REFERENCE ALTITUDE : lOOCON 
WAVELENGTH RANGE ; 90-997M 


XI1»:ABSIUMAX» X(3> = ABSIVNAX) 

X(2)rLU XIR}=LV 


OUTPUT HATRIX CODE 
11 12 13 m 

22 23 2k 

33 39 

99 


VARIANCE - covariance 

MATRIX 



.27C7 

25.8320 

.08<i5 

7.373d 

25. 8320 
16098.7533 
•1.0859 
27i.5.70Sl 

.0695 

-1.C659 

.3495 

93.3172 

7.37Be 
27u5.7 J97 
H3.3172 
1889*‘.72fc3 

correlation HATRIX 




1.0000 

.3913 

.2798 

.1032 

.3913 

l.CO'u 

-.0195 

.1551 

.2793 

-.0195 

l.OCPC 

.5330 

.1:^32 
.1551 
• 5330 
1 . Q JO J 

X(l) 

X(2) 

XI3» 

X(9I 

MEAN .8999 
SO .5203 
GAMMA 2.6372 

beta 3.1212 

230.1564 
126.8809 
3.29T4 
• 0143 

.9107 

.5912 

2.3731 

2.6057 

227.2907 

137.9617 

2.739U 

.0120 

UHMAX - VHMAX 





-is.rjoo 

131.9731 


NEAN 

SO 







1 


! 


STATlONi 12S68 > - C*PE KiNNCOY 

DATA .- JIHSPHERE 

HONTH : 2 

RtFtPENCE ALTlUilE ; 12000H 
WAVELENGTH RANGE t 90*997M 


X(1)=ABS(UMAX1 X(3)=AbS(VnAX) 

kl2)=LU XfA)=LV 


OUTPUT MATRIX 

CODE 

11 12 13 

14 

22 23 

24 

33 

34 


44 


VARIANCE <• COVARIANCE MATRIX 


• S13Q 

46.1376 

.1365 

T.S969 

46* 133o 

16722.6:.99 

6 .0645 

29^9. 9. ?o 

• 1365 

8#064S 

.6394 

33.5654 

7.5969 

2929,9388 

33.5854 

178C9.3547 

CORRELATION MATRIX 





l.OOOU 

• 4981 

.2384 

.0795 

.4981 

l.oono 

.0780 

.1698 

• 2384 

• C78G 

1.0000 

.3147 

• 0795 

• 1696 

.3147 

1 . 0 J 

xm 

X(2) 

X C 3 ) 

X(4) 


MEAN 

1.1532 

239.2719 

1.4140 

238.5037 

SD 

.7X62 

129.3159 

. 7996 

133.4517 

GAMMA 

2.5924 

3.4236 

3.1270 

3.1941 

GETA 

r.:46j 

.Pi«*3 

2.2114 

000000000000000000000 

.C13h 


UHMAX • VHMAX 

HEAN = -9,3333 

SO = 122.6352 


^ '..-'L PAGE 


4f 






STATI0N(12868> • CAPE KENNEDY 
DATA - JlHSPHEPfe 
MONTH : 2 

REFERENCE ALTITUDE : INOOOH 
wavelength range : 91-997M 


X( lISABSIUMAXt 
X(2)=LU 


X(3I:ABSIVMAX) 

X(<I)=LV 


OUTPUT MATRIX CODE 

n i: 13 iH 

22 2i 2« 

33 3<4 




WARlA.NCr - C«VK-;t^CL 


• ; s.-’y 

HT.3703 

.1626 

-.3528 


**7.3 7' 3 
19539. 89SS 
11.92(5 
6094.8087 


. lore 

11.9265 

.8662 

55.8180 


-.i 5:8 
6094.8067 
5f .6180 
197 a 7 . 4 o 22 


CORRELATION MATRIX 



1.3GC0 

.4558 


.4656 

l.JOPG 


• 2349 

*0917 


-.:?ij34 

. jirs 


XUI 

X(21 

KC AN 

1.231t> 

235.r'14b 

SO 

.7436 

139.7673 

GA^MA 


2.8273 

BETA 

2.2276 

.0120 




UHNAX 

- 4HMAa 


ML AN 



SD 

= 136 7*1 S 



.? 3«*9 

.cm 

1.0000 

.4271 


►.C 334 
• i i j:> 

.4271 


J.64S- 
.9307 
!. 1354 
1.9C2b 


? 24 . 327 i 

140.418S 

2.S45*. 

.Jii 4 


ST«1I0M1^663> - CaP£ K^NHEOV 
DATA • JIHSPHCRC 
M2NTH ; 2 

RCFcRcNCE ALTITUDE : <»bOOH 

WAVELENGTH RANGE t 9a-247wH 


XUt = ABS(UPAXI X(3i:ABSiVKAX) 

X(2I:LU X(<t|:LV 


OUTPUT HATRIX CODE 
11 12 IS 14 

22 23 24 

33 34 

«4 


VARIANCE • COVARIANCE HATRIX 


• 7b«e 
178.5626 
•1223 
6 . 66 ’: 


176.5626 


101969.6516 

21.1326 


2: ^ee.75v9 


.1223 

21.1326 

.6987 

llti.£<.93 


6.663^ 
20066.7563 
116.6293 
1 '2376.1 56o 


« 


CORPELATICN MATRIX 


1.0000 

.6313 

.1456 

.^235 

.6313 

i.:ccc 

.rt9e 

.1966 

• 1456 

• U696 

l.OCiOO 

.3918 

.0235 

.1966 

. 3916 

1 . . 


XII) 


XI2) 


XI3) 


XI4) 


MEAN 1,6373 
SO .6859 
gamma 3.4160 
BETA 2.u£64 


6ur.6327 

319.3272 

3.5379 

.2059 


1, 76°7 
.9460 
3.4647 
1.9691 


5c'',S7'.9 
319.9626 
3.2v5r 
.Cu5 7 


IT/tTIONC l28filT- CAP£ RENNEOy 

DATA • JIMSPH£RC 

Md!«TH' : 2 ‘ ■* ■ t~ 

RCfCRENCE altitude : 60U0M 

UAVELENGTm range : 90-2‘i70M ■ * 


XI1» = A6S (UHAXI X(3)=ABS1VMAXI 

XI2» = LU ■ XI«»):LV 


OUTPUT MATRIX CODE 
— 11 — 17“ 'll • U ~ " 
22 23 2H 

T3 39 


i'Vi****^**^******"**#***'************ *•••**•*•*••••••*•******•*•*•***••*•***•• *•*•••’•« 

"TfARlANCE - COVARIANCE' MATRIX ‘ ' ‘ " ' 


.6097 163.9991 .1737 

163.9991 101781i7599 35V3022 

.1737 35.3022 .9327 

25.9689 11306.5369 ' ‘ 172.1C56 


25.9669 
11306.5902 
172.1056 
103899. 6691 




CORRELATION MATRIX 


nOC'OO “ .'5712 -'. 1998 .0878 

.5712 l.OUOO .1196 .1100 

. 1998 • .1196 l.OOOCi .5530 

.C878 .1100 .553U l.OCOO 


*66'66 ***»'«««*«*6*» ***•******«*«*»*«*«**««««•»»**«••***«•«»»•*«»•»»•*««* : 


xa» ' ■ - - - XI2T ■ x«3» ■ X'I9» 


HEAN 

1.621S 

579.4374 

1.8557 

667.0985 

“SO ^ 

.8999 ■ 

"319.0325 

.9658 

’”322.2556 

GAMMA 

3.2470 

3.2987 

3.6922 

4.2653 

■ BET/r 

2.3025 

.005 7 ■ “ 

1.9896 

.C369 


UHMAX - VHMAX 


MEAN : 33.8333 

"SO : ' 323.9997 


. 4 # 




rr<noN( n86«r- CAPfKENNCOf 
DATA - JIHSPH£RE 
HONTM" : 2 ' 

REFERENCE ALTITUDE : 80C0M 

VAVELENGTh range : 90-2H70N 


XfllZAeS (UMAX) X(3l=ABSl vnaxi 

xirzrzLU xi«*)=LV 


OUTPUT MATRIX CODE 

n~12~ 13 ■ l«* 

22 23 29 

J3 3*» 

AN 


Variance - covariance'matrix 


• 8802 

182.1108 

• 1025 


5.3288 

162; uoa 

125070.8184 * 

51.7825 ■■ 

• "I' 1- 

12872.1679 

• 11325 

55.7625 

1. 1H78 


249.1447 

5 • 3288 

. * 12872.1879 

249.1947 


118722.7373 ~ 







CORRELATION MATRIX 


r. pcoc 


.5489 

.102U 

.0165 

• 5489 


l^uCOJ 

• 1472 

.1056 

- -.1C20 


.1472 

l.OCiOJ 

.6749 

• 0165 


.1C56 

• 6749 

uoooo 


1 




XIII 


“ XI2I 

XI3> 

“ xi4r 


MEAN 1.7162 593.9193 l.BllO 619.8135 


-5t5 

.9382’ 

353*. '653 5' *■ 

1.0714 

34 4* 56 17 

gamma 

3^3461 

2.8203 

2.3574 

3.2358 

"BETA 

1.9497 

.0047 

■ 1.5778 

;ooS2 


UHNAX > VHMAX 


MEAN = 28.1667 

'SO": A12.4153 


STrriON( 12868 » C'JTPC KCnMCOy" 
OAT* - jlMSPHERE 

Month : 2 

ftCFERCNCC ALTITUDE : ISOOOM 
MAVCLENGTH range : 90-2H7UH 


xmsAesiuNAxi 

X<3|:ABSI VMAXI 



XCrirLU - - 

~X<4>2LV “ ■ 



OUTPUT MATRIX CODE 

12 13 14 ■ 

22 23 24 

33 34 

44 





^ t>T T 1 1 1 1 T Tt t Tt 1- 1 T 1 1 



■“Variance - covariance 

matrix 

-- ' - " — 

— — — 

1.1761 

234.1799 

.3624 

36.5282 

’ 234.1799 

.3624 

36.^282 

134705. 08CI ■ 

57.3933 

"26702.6643 

“ 57.3934 
1.7601 
"274.1405 

26702.6643 

274.14C5 

147718.2207 

CORRELATION MATRIX 




i.rcoo 

.5684 

.2504 

.0676 

;S884 ■ 

l.OOCO 

‘ ’ .1172 

• 1693 

'.2504 

.1172 

1.0000 

.5346 

.0876 

• 1893 

• S346 
l.OOCC 

..... 

x<2f 

X<3I 

' XI4) 

MEAN 1.8983 

639.1374 

2.248 7 

68P.2996 

“SO r.’0845 

6AMHA 3.0639 

"BETA - 1.6141 

'36'7;c:2r9 
3.0325 
* ~;C04 7 

1.3342 
2.8406 
’ 1.2632 

384.3413 

3.13 33 
.0046 

UHMAX - VHMAX 





HCAN 

SO 


46.3333 

367.1538 


rmiONC K96«» - CAPE KENNEDY 

DATA - JIMSPMERE 

RONTH . 2 ‘ 

REFERENCE ALTITUDE : l*tOOQH 
NAYELENGTH range t 90-2N70M 


XI1) = ABS tU1AX> 
X<2»rlU‘ 


OUTPUT MATRIX CODE 
“‘ir"i2 13 IN ’ 

22 23 2N 

33 3H - 

NN 


X(3I:ABS( VMAXI 
XINIzLV 


VARIANCE > COVARIANCE MATRIX 


2.N842 

330.7785 

1.0129 

66,0272 

33C.7785 

‘ 137739.‘2266 ‘ 

_ >7,2963 

31492. 4h?9 

1.0129 

77,2983 

4.0031 

39C.6H17 

66.8272 

31N92.HN63 

390,6417 

121945.9121 


CORRELATION MATRIX 


l.DUOO 

.S655 

• 3212 

.1214 

• 565S 

l.OCOO 

.1041 

• 2M30 

■ .3212 

■' .1041 

“ “I. GOOD 

• 5591 

• 1214 

.2430 

.5591 

l.OOOU 


IL.l 

xcil 

X(2I 

XC3) 

XI4I 

mean 

2.8799 

639.7771 

3^S663 

587.8611 

"so 

1.^761’' 

371.0919 ' 

2 VOOO 8 

34 9.2076 

gamma 

3.3385 

2.9723 

3.1772 

2.8339 

BETA ■ 

1.1593 

• 0046 

• 0909 

.C048 


UHNAX - VHMAX 


mean r 15.6667 

SO = 368.6S3J 


I 




STATiONI1286a> - CAPC KENNCOT 
DATA - JiHSPHtRE 
MONTH I 2 

KCrCftCNCC altitude t ADDON 
MAVCLEN6TH RANGE t 90*6000N 


XIIISABSIUHAX) xi:i:abs(vhax) 

X(2I=LU XIAI-'LV 


OUTPUT MATRIX CODE 
~ 11 12 13 In 

22 23 2A 

■ 33 3N 

AN 







VARIANCE • COVARIANCE 

MATRIX 



2*650A 


A62.5779 

-.S6A7 

-2w8.AN91 

A&2.S779 


170799.2227 

-1A9.7229 

-76066.6133 

~.36A7 


-1A9.7228 

1.7712 

638.3316 

•208.AA91 


-76066.6133 

638.3315 

AA6166.7t>95 

CORRELATION 

MV.TRIX _ 



...... 

- .. 

1*0000 


.6875 

-.1683 

-.1917 

• 6B7& 


I. 0000 

•.2722 

-.2756 

-«I663 


-.2722 

1.0000 

• V181 

•ol9t / 


-.2756 

.7181 

1.0000 


XUI 

XI2I 

XI3I 

X(A» 

MEAN 1 

«9UA 

625.1N30 

2.0017 

6U6.1550 

so 1 

• 628J 

A13.2786 

1.3309 

667.9572 

GANNA 1 

• 378H 

2.2881 

2.2621 

.823& 

BETA 

• 7212 

^ .0037 

1.1301 

.OOIA 

UHNAX • VHHAX 




MEAN r -62.S0OO 

SO : 6S8.6383 

— . 

„ . . 

.... . 



I 






I 


ITATTO'Jtir^fcSI - CAPE KENNEDf 
DATA - JIMSPHEPC 
month t 2 

NCFCRENCE altitude : 12000H 
UAVELCNCTh range : 9l)-2*«7uH 


XI 1)=APS lUNAX > Xt3)=A^Sl VMAX) 

XI2ISLU XiNJrLV 


OUTPUT MATRIX CODE 

~'Tl~‘12 13 IN 

22 23 2N 

NN 


■'VARIANCE - COVARIANCE MATRIX 


J.9428 

336.0330 

.7783 

6N.8S6C 

sss.rssc 

1 13618.4629 

BO. 1679 

299Cr.9d97 

.7783 

80.1679 

3.2297 

41 3.3292 

86.8581 

. 2990P.9932 

*■ 413.8292 

156212.3945 

^ . 





CORRCLATIOtJ matrix 


.... 

l.CuOO 

.5841 


“ .2525 


.1252 


• 5691 

1.3000 


• 1323 


.2242 


.2525 

““ .1323 


l.OOGO 


.5826 


. 1252 

.2242 

« 0 0 0 

.5826 


1.0000 

— 

HU 

XI2I 


■ ' X 13 1 


X 14 1 

MEAN 

2.6323 

S76.8489 


3.0654 


607.4380 

"SO ~ 

1.7154 

337.3699 


1.7971 


395.2372 

GAMMA 

2. 3545 

2.9236 


2.9095 


2. 3616 

BETA 

• 6945 

.CoSl 


.9491 


.0039 


UHMAa • VHMAX 


MEAN 

SO 


>18.1667 

322.S626 


STATX 0 N( 1286 e) -~CAPC KCNNCOT 

DATA - 

HONTM 12 

RCPCKCNCC ALTITuOC t AOOON 
MAVCLCNGTH RANGC t 90-6080H 


XmsAISIUHAXI XOtSABSIVPAXl 

XC2UI.U ' XUULV 


OUTPUT Pi 

iTPIK 

cooc 

U 12 

13 

lA 

22 

23 

2% 


33 

u 









VARIANCE - COVARlANCt 

MATRIX 


— 

2.801<l 

933oS877 

.8959 

189.8227 

♦33.5877 

568893.5859 

350.0973 

11880C.5966 

• 8A54 

3S0.0A72 

3.3736 

7k8.7b89 

169.8227 

118800. 585U 

706.7689 

398521. b49S 

CORRELATION MATRIX 

... 


.. - 

1.0000 

"".7909 

• 2750 

.1797 

.7A09 

itoono 

.2531 

.2500 

.2750 

«2S31 

i.ojro 

.8095 

-1797 

#2500 

.809 5 

l.COOO 

XIII 

XI2) 

XI3I 

XI9I 

MEAN 2.8902 

111S.AS9A 

3.2117 

1179.5381 

"so ■ 1.8737 

752.8902 

1.8387 

631.2857 

GAMMA ;^.SB3h 

2.1950 

3.0577 

3.9616 

•CTA .9603 

.0020 

.9520 

.0029 

_UHMAX - VNMAx 




MEAN = 50.5088 

SO : 815.A181 

. 

— 



STATION (128681* •CAPE KENNEOV 
DATA • JIHSPHlRE 
HONTH ; 2 

RCFCRCNCC ALTITUDE : 80Q0M 

WAVELENGTH RANGE : 90*6030H 


X(1I=ABS(UHAXI X(3) = ABS(VHAX) 

X(2):LU X(4I=LV 


OUTPUT MATRIX CODE 
'll 12 13 U 

22 23 24 

33 34 

44 


*•••***•*•••••**•*••••♦•*♦*•*•••*••••••••♦•*****•****•♦*••♦*•*•*•*••****••••*••*••*♦« 

VARIANCE - COVARIANCE MATRIX ' ' ~ — - 


3.5021 

1184.2853 

.9022 

169.3388 

1164.2853 

735397.3359 

* 312.5666 

55322.5503 

.9022 

312.5666 

9.3073 

1018.4218 

169.3388 

55322.5503 

1018. h218 

523272.6680 


CORRELAiTION MATRIX 




1.0000 

■'.7380 

.2323 

.1251 

,.7380 

l.OODO 

.1756 

.0892 

.2323 

.1756 

l.OQOO 

.6784 

.1251 

.0892 

.6784 

1.0000 


XU) 

X « 2 ) 

X(3) 

XC4> 

MEAN 3. 2008 

1220.9341 

3.3275 

1214.9832 

SO 1.8714 

857.5531 

2.0754 

723.3759 

6AHHA 2.925H 

2.0270 

2.5705 

2.8211 

BETA .9140 

• C017 

.7725 

.0023 


UHMAX * VHMAX 


mean 

SD 


-48. GOOD 
673.3G59 


$TAT10NI12866) • cape KCNNCOY 
DATA - JIMSPHtRE 
MONTH X 2 

REFERENCE ALTITUDE : lOOQOM 
MAVELEN6TH RANGE x 90-6U0OH 


XIIIZABSIUMAX) XCSirABSiVHAX) 

XC2IZLU XIA)zLM 


OUTPUT MATRIX CODE 
11 12 13 I A 

22 23 2A 

33 SA 


Variance - covariance matrix 


S.780A 

1857.2729 

1.7823 

326.8252 

•1857.2729 

■ 678588.5859 

351.8210 

116873.2617 

•1.7823 

351.8211 

8.6636 

1178.0950 

326.8252 

116673.2617 

1178.0950 

528037.6988 


CORRELATION MATRIX 





1.0000 

” .7380 

.2862 

• 1666 


• 73B0 

i.oooo 

• 1HS4 

.1958 


.2862 

.1454 

1.0000 

• SSC6 

tttttt 

.1868 

• 1958 

.5508 

1.0000 

- 

XI u 

XI2> 

X(3I 

XI6I 

HCAN 

3.7578 

1377.6360 

8.2515 

1233.9Q0H 

SD 

2.8082 

621.3066 

2.9838 

726.6622 

GAHHA 

2.8828 

2.6136 

2.0868 

2.8835 

BETA 

.6500 

.0020 

,8907 

• 0023 

_yHMA X 

; VHMAX _ _ 




MEAN 

- ■ -88,5000 




SD 

= 888.5355 







STAtlON(128bSI - CAPE KCNNCOY 
DATA - JIMSPHtPt 
MONTH : 2 

REFERENCE ALTITUDE : 12000M 
MAWELENGTH RANGE t 90-600QH 

... 

^ * • 

• 

• 

Xll)rABS(UMAX) 

XI3l=ABStVHAXI 



X(2I=LU 

X(4|rtV 



OUTPUT MATRIX CODE 




11 12 13 1*1 




22 23 2<i 




S3 3^ 




%% 

. . 



VARIANCE - COVARIANCE 

MATRIX 



8.8‘»97 

1855.3629 

2.5264 

121.3066 

1855. 363Q 

922407.7031 

50.7343 

-63972.6841 

2.52A4 

50.7343 

10.1483 

1461.5043 

121.3066 

-63972.6841 

1461.5043 

520353.0469 

CORRELATION MATRIX 

. .. .. 


— 

1.0000 

• 6483 

.2659 

.0564 

.6N63 

1.0000 

.0166 

:-.0V23 

.2659 

• 0166 

1.0000 

.6360 

.0564 

-.0923 

.6360 

l.OJOO 

X(l) 

' XI2» 

Xt3) 

XI4I 

mean 4.8647 

1356.6716 

5.2280 

1147.0913 

SO ■ 2.9799 

960.A2D6 

'3.1856 

721.3550 

GAMMA 2.6651 

1.995<l 

2.6933 

2.5287 

BETA .5478 

.0015 

.5152 

.0022 

.. Pit” • z. * * 




MEAN : -48.5000 




SO = 684.5750 



.... - ...... - 


iT*.TI0Ntl2S68) - CAPE NCNNCOY 
)AT* • JIMSPHCRE 
<ONTm‘ : 2 

YCFCRCNCe ALTITUDE : lAOODH 
ilAVELCNGTH range : 90*6000M 


Xm=A8S(UHAX) 

X'(2l=LU 


Xt3l=AB$IVHAXI 

XiNULV 


OUTPUT HATRIX CODE 
ll 12 13 l«i ■ 

22_ 23 2H 

33 ' 3N 


**»******m***m***********************»*****m**m**x**********0**m********************* 

VARIANCE - COVARIANCE HATRIX 


6.0018 
"1150.3496 
1.6439 
■ 185.3245 


1150.3496 

'780012.9531 

11.7362 

118126.3965 


1.6439 

11.7362 

9.396G 

1291,0477 


185.3245 
116126.4102 
1291. 0h77 
495277.6680 


**««i****«***««* *««***<****«***«***«**«*««4>*««******* «*«*«****««*» «««**««W******«**»*«I 


MRRELATION HATRIX 


1.0000 

.5317 

.2189 

.1075 

• 5317 

ItOOOO 

.004 3 

.1901 

.2189 

.0043 

1.0000 

• 5985 

• 1075 

• 1901 

*«********«*****<»*«*****»** 

• 5985 

1.0000 

xui 

X(2) 

X(3) 

X(41 

HEAN 5.0082 

1310. B749 

5.4234 

1031.1996 

50 2.4499 

883.1834 

3.0653 

' 703.7597 

6AHHA 4.1791 

2.2030 

3.1304 

2.1470 

“BETA .8345 

,0017 

.5772 

.0021 


UHHAX « VHHAX 

HEAN = •88.4354 

50 : 669.4167 


,4A 



APPENDIX C. THEORETICAL PROBABILITIES 


This appendix contains lists of probabilities, P(X), where 


P(X) = I f(x)dx 

•'o 

where f(x) is the univariate gamma probability density function 
derived from the parameters y and 3^ calculated from sample sta- 
tistics. The univariate gamma distribution and its parameters 
are defined in Section II. These theoretical probabilities are 
calculated for absolute component gusts and associated gust 
lengths for the month of February at Cape Kennedy for six refer- 
ence altitudes (4, 6, ..., 14 km) and four wavelength ranges. 

Similar sets of probability calculations have been com- 
pleted for the months of April and July, but are not included 
in this Appendix. 

The notation in the computer output format does not cor- 
respond exactly with that used in the body of this report; 
refer to the table in Appendix B for an explanation of the 
differences . 


The parameter "beta" 
P*; where P* = 1/P. 


listed in the computer listings is 



99770066 































-*’• .999928899 .999960892 . 99989333 S .999928333 • JJ» 


«« C <0 fM 

*4 Ki .i> #\itrsi 
o> 8n o,</8 B r» 

cv lA ».ny iriiNi a O 

fNi*fNj o O CD »{P> ^ 

Qf\l lA B ^ B B 

nt ttk Ak Ak Clk Ak 

0*t> O* O OoKK <► 0> 

0*1^ (^ <^^D« 


lK^kJ M Ai B B 
«AB AJ Al«4 <\i«A kA n 
OffSiBiB 
B lA »n kO B Mr- f«»jr^ 

Ok O" o> <^|(^ Ok|». 

» Ok. Ok OklOk 0.1 Ok »(«tk 

^ ^ ^I<^ O O 


! I 


A4* O kOtW M 9-lil 

o CD » \A cAj ) 

IN» OI lA C»!*A «A O! 
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